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Techniques and methods of seismic data processing in active
volcanic areas: some applications to multichannel seismic
profiles (Gulf of Naples, Southern Tyrrhenian sea, Italy)
ABSTRACT
The techniques of seismic surveying, especially reflection seismic, considerably
varied during last year’s. The contribution to this variation mainly came from the oil
industry, which has developed the geophysical methods for oil searching. The basic
techniques of seismic exploration consist of the generation of seismic waves
artificially in the ground (source) and of the measurement of the requested times to
cover the source-receiver path. Seismic data processing of three multichannel seismic
profiles located in the Gulf of Naples for an overall length of 150 kilometers is herein
presented. The techniques of seismic processing used for the elaboration of the
seismic data are up-to-date. Some of them are based on complex mathematical models,
allowing obtaining good velocity analysis for the production of stacked sections,
ready to be interpreted. In this paper the procedures of processing of multichannel
seismic data starting from the field data are shown. Sketch diagrams of the elaboration
processes applied during several phases of the whole processing have been
constructed. The used software are the Promax2D (Landmark Ltd.) and the Seismic
Unix (Colorado School of Mines). The steps of the seismic data processes included
the pre-processing, the sorting, the velocity analysis, the normal move-out (NMO),
the stacking, the band-pass filtering, the multiple removals, the predictive
de-convolution and the spiking de-convolution.
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Seismic data processing; multichannel seismic profiles; Gulf of Naples; Southern Tyrrhenian sea.
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Introduction
The seismic ray path may be reconstructed through the refraction, if the times of the refracted
phases are considered, or through the reflection, if the reflected phases are considered. One of the
most important advantages of the seismic reflection method, if compared to the seismic reflection
method is represented by the condition of velocity increase with depth. An abrupt velocity variation,
both increasing and decreasing is enough to determine a reflection of the seismic waves at the
discontinuity surface.
Some principles of the propagation and phases of the seismic waves are herein resumed. The,
propagation of the seismic waves may be described through the Huygens-Fresnel and Fermat-Snell
principles. Accordingly to the Huygens-Fresnel principle each point of the wave front may be
considered as a secondary source, where the envelopment of the new wave fronts defines the
location of the primary reflection during a next time, being the secondary waves active only in the
direction of propagation. The wave motion happens in such a way that each point of the wave front
proceeds in a direction perpendicular to it. Therefore, the wave paths may be defined as half straight
lines perpendicular to the wave front, along which the perturbation proceeds.
Instead, the Fermat principle describes the path of wave ray in the inner portion of the material.
Given a distribution velocity in a medium it is possible to geometrically define, using this principle,
the path of the wave ray. It can be demonstrated that the reflection and refraction laws derive from
the Fermat principle. The principle of superimposition follows as a consequence of the linearity of
the wave equation. Based on this principle the superimposition of a certain number of waves is
equal to the sum of the effects of the single components. This principle is basic in the Fourier
analysis (Xu et al., 2005; Liu et al., 2011; Liu and Fomel, 2013; Wang et al., 2014).
The velocity and the direction of propagation of the different types of waves vary depending on the
physical properties and the dimensions of the crossed medium. The waves travel with a constant
velocity along rectilinear paths in an ideal infinite medium, homogeneous, isotropic and perfectly
elastic. The Earth is supposed to be stratified, with layers having a different thickness and variable
physical characteristics (velocity, density) and not perfectly elastic neither isotropic. Perhaps,
variations both in the direction and in the velocity propagation and in the amplitude and phase
characteristics occur in the earth. Accordingly to the rules of the geometrical optics when a wave
path encounters a surface of separation between two media supposed to be homogeneous but having
different physical characteristics (in particular the velocity), a part of the energy is reflected and a
part is transmitted in the second medium. The phenomenon is called refraction if during the wave
transmission a change of direction is observed. The direction of the reflected path is determined
through the law of reflection.
The seismic waves propagate in the inner of the earth with velocity, frequency and amplitude
depending on the elastic properties of the rocks. In a medium crossed from a wave train two types of
waves propagate: the longitudinal P waves, vibrating in the same direction of the propagation and
the transversal S waves, having a vibration plan perpendicular to the propagation one.
For the P waves the wave equation is of the following type (Sheriff and Geldart, 1995):
 
  
.  
   
   
=    ∆
(1)
where the velocity α is given from the following equation:
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For the S waves the wave equation is of the following type (Sheriff and Geldart, 1995):
 
  
.  
    
   
=  
 
  
(3)
where the velocity ß is given from the following equation:
   =    
(4)
The reflection and transmission coefficients
The problem of the determination of the equations which put in relationships the coefficients of
amplitude of the incident, reflected and refracted waves has been studied by Knott (1899) and
Zoeppritz (1919). Accordingly to Zoeppritz (1919) the equations of partition of the amplitudes at a
seismic interface may be expressed as:
   cos    -    sin    +    cos    +    sin    =    cos   
(5)
   sin    -    cos    +    sin    +    cos    =    sin   
(6)
      cos 2   -       sin     +       cos     +       sin 2   =      cos 2  
(7)
        sin 2   -       cos     +          sin     +       cos 2   =        sin 2  
(8)
where          are the amplitudes of the P waves, respectively incident, reflected
and refracted;
   and    are the reflection and refraction angles;
   and    are the amplitudes of the S waves, both reflected and refracted;
   and    are the acoustic impedances.
In order to apply these equations to an interface we must know the density and the velocity of each
medium to determine the parameters   ,    and   . Knowing    and    from the Snell law we
calculate        and   . The coefficients expressing the amplitudes      ,   ,    remain to
be calculated. The reflection gives rise each time that there is an abrupt contrast of acoustic
impedance. The widest is the contrast of acoustic impedance between the media, the strongest is the
reflection. These variations of acoustic impedance correspond to geologic variations including the
lithology, the facies and corresponding depositional environments, the porosity, the fluid content
and the strata intervals.
In the case of the normal incidence of a P wave (hypothesis which may be applied to the seismic
reflection method) the Zoeppritz equations may be reduced to two equations:
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(9)
     +      =     
(10)
By solving the equations with respect to    and    we obtain:
  
  
=
      
      
(11)
  
  
=
   
       
(12)
Geometry of the seismic events
The ray theory allows for showing in a simple way, accordingly to the criteria of the geometrical
optics, the relationships between the times of arrival of the reflected and refracted waves and the
location of the discontinuities bounding the geological strata. In the two-dimensional cases, with
parallel and plan strata we consider a layer having a thickness h on a homogeneous half-space,
being x the distance between the S energy source and the r (x) receiver. We discuss here the travel
times of the direct, reflected and refracted phases. The direct wave will reach the r (x) receiver after
a time:
   =
 
  
(13)
which is the equation of a straight line passing for the origin.
The refracted phase covers the path (racS) during the time:
  
  =
 
  
+
  
  
cos (  ) (14)
representing the equation of a straight line which doesn’t cross the origin and having an angular
coefficient     .
The reflected phase which will travel in the pathway (rbS) will reach the receiver after a time:
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 
  
 
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 
)2 +    (15)
which is the equation of an hyperbola symmetrical with respect to the axes x and t, having as
asymptote some straight lines passing for the origin with angular coefficients +/-
 
  
. The
asymptotes coincide with the direct wave.
The depth of the reflecting interface is individuated by the time of arrival of the reflected wave in
the source point (offset 0).
   =
     
  
(16)
If we consider a point on the reflection hyperbola corresponding to the time    and carrying out
several calculations (herein not reported for simplicity), we obtain the following equation:
∆T (x) =
  
    
  .
 
  
(17)
∆T (x) represents the Normal Move Out (NMO). The velocity V1 represents the NMO velocity,
necessary for the NMO correction on the traces related to the considered CDP (Common Depth
Point).
Materials and Methods
From the 4 to the 28 June 1999 a digital seismic survey has been carried out aimed at investigating
the Southern Tyrrhenian sea and in particular, the Naples Bay (Aiello et al., 2011a; 2011b). More
than 2400 kilometers of seismic lines have been recorded. The employed instruments and
techniques have allowed for obtaining good quality seismic data, especially in active volcanic areas
where the occurrence of pyroclastic levels and buried volcanic edifices produce a strong scattering
of the energy of the elastic waves. Two Airguns have been employed coupled with a 48 channel
seismic streamer and a seismic acquisition system (Geometrics Inc.). The Airgun is a seismic source
adopted in the marine environment based on the release of pressured air in the surroundings (Di
Fiore et al., 2006; ISPRA, 2017). The aims of the research using the Airgun seismic source include
the climatic changes, the planning of the use of the marine environment, the natural hazard in the
marine environment, the security of the industrial and strategic structures, the natural seismicity and
the seismicity induced by the human activities and the geothermal and natural resources. In this
paper the elaboration of three multichannel profiles is presented, located in the Gulf of Naples. The
acquisition parameters are shown in Table 1.
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Results
The used techniques of seismic data processing are based on complex mathematical models,
allowing for obtaining a good multiple attenuation (especially sea bottom multiples) and good
velocity analyses to produce stacked sections for the geologic interpretation. The procedures of data
processing are herein shown starting from the field data through the construction of sketch diagrams
of flux elaboration. Promax 2D and Seismic Unix have been used.
Promax 2D (Landmark Graphic Corporation, 1998) has presented a general workflow of seismic
data processing (Table 2). The steps distinguished in this flux diagram include the assignment of the
geometry, the editing of the seismic traces, the selection of the parameters, the elevation statics, the
refraction statics, the brute stack, the velocity analysis, the residual statics, the dip moveout (DMO),
the post-stack signal enhancement and the post-stack migration, allowing for the velocity modeling.
The geometry assignment has been designed in order to create the database files of the Promax 2D
program and to load the header information into the trace headers of the Promax 2D data. After
assigning the geometry map, the land geometry is determined and consequently, the shot gathers are
viewed. The geometry is loaded in the spreadsheet and in the database and the database attributes
are viewed. After, the geometry is loaded to the trace headers and the graphical geometry is
determined. The geometry assignment has been designed to create the Promax database files and to
load the header information into the trace headers of the seismic data processed in the Promax. The
sequence of steps or flows mainly depends upon the available information. The steps necessary to
assign the geometry to a seismic line are all required, if all the information is present in the trace
headers of the input dataset. This approach may be useful in order to re-process the seismic data.
The basic Promax framework is closely related to the UNIX directory structure and the
manipulation of the various components of the line database is of critical importance in order to
smooth. The main steps are represented by the understanding of where and how the data files have
been stored, where the menus and the program have been stored and how the data pass through a
Promax flow.
Seismic Unix is an open source program, which is supported by the Center of the Wave Phenomena
(CWP) of the Colorado School of Mines. This software has many processes which are needed in the
geophysical processing, making possible the manipulation and the creation of the seismograms and
their conversion from the SEG Y format, which is the standard format of seismic acquisition and the
SU standard file. The first main program is represented by the data compression (Table 3). The
second one is represented by the editing, the sorting and the manipulation (Table 4). Other programs
are represented by filtering, transforms and attributes and Gain, NMO, Stack and Standard
Processes.
A flux of elaboration of seismic data has been defined for the multichannel seismic data of the Gulf
of Naples (Fig. 1). The processing of the seismic data is herein described. During the pre-processing
phase the acquisition geometry has been assigned to the seismic data using the acquisition
parameters reported in Table 1. All the seismic traces considered to be too noisy (trace kill) have
been eliminated. The muting of the first arrivals is an operation aimed at eliminating all the seismic
noise above the first arrivals and the un-desired spikes in the seismograms. In the case of the spikes
zones of the seismograms are put to zero, on which a data extrapolation allowing to obtain a
continuity of amplitude in the seismograms and, in such a case, to avoid possible mistakes, when the
operations between the seismic traces are performed. The application of the gain is the
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compensation of the signal of decay, due to the phenomena of absorption, scattering and decay of
the amplitude and is necessary to restore the lost signal and to obtain similar levels of amplitude in
the whole seismic data. The corresponding process is the Automatic Gain Control (AGC). This
technique varies the gain of the seismic traces as a function of the amplitude occurring in a time
window, whose extension has been determined through a length operator, defined during the data
elaboration. The AGC shifts this time window downwards, sample by sample, by calculating a
scaling factor for each location. This scaling factor may be equal to the reverse of the medium, of
the median and of the RMS of the amplitude of the signal enclosed in the window. In the processed
lines, the choose window for the AGC application was 2000 msec; to this value we arrived after
several tests on the seismic data.
It is important also speak about the sorting. One of the fundamental steps which have make the
exploration seismic to be the reference method in the field of the geophysical techniques, both
industrial and scientific is the acquisition technique with a multiple coverage. This technique allows
to obtain a redundant information for the same point surveyed at depths.
Accordingly to the simple laws of the reflection, the reflecting point is put on the vertical of the
median point source-receiver. Using different scattered configurations it is possible to record a
certain number of shots, in such a way that a median point (represented by the reflection point) is
common to all the source-receiver locations. In this way we obtain a set of signals of reflections
which are all reflected by the same point at depths (Common Depth Point or CDP).
The method of multichannel reflection seismic having a multiple coverage has been introduced as a
routine in the field of data acquisition during the sixties (Mayne, 1962; 1967). A model has been
constructed. Based on this model the coordinates are y, h (median point, offset), defined in terms of
s, g as it follows:
y = (g+s)/2 (18)
h = (g-s)/2 (19)
Seismic traces may be ordered in groups of various type, such as the Common Shot Gather (field
recording), the Common Receiver Gather (groups of traces related to the same acquisition channel),
Common Depth Point Gather (generally called the CMP-gather), Common Offset Gather (re-order
of the seismic traces based on the source-receiver distance), CMP-Stacked section (section ready to
be interpreted).
The velocity analysis also needs to be clarified. When the data have been ordered in CDP (Common
Depth Point), the velocity analysis has been performed on the same data aimed at producing the first
stacked section. The same velocity analysis has been repeated after the application of new processes
of data elaboration, trying to understand if the same processes produce or not a significant
improvement of the seismic signal.
The velocity analysis has a fundamental importance to apply the Normal Move Out (NMO)
correction (Yilmaz, 1987):
  
  +
  
  
-    (20)
The velocity analysis is necessary to make horizontal the reflection hyperbola before carrying out
the sum (stack) of the seismic traces. Through the velocity analysis information is obtained on the
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velocities of the seismic reflectors occurring on the seismic sections. Different techniques to
perform the velocity analysis exist. In the most of cases the Constant Velocity Stack (CVS) has been
adopted, then compared with the semblance. The CVS consists of the selection of a portion of
datum, from a minimum of 5 CMP to a maximum of 25 CMP and in the generation of several stack
panels. Each panel is obtained using velocity values varying between the lowest and the highest
velocity value attained based on a first datum analysis. The function velocity/depth has been
obtained individuating on several panels, corrected for the NMO, the best corrected zones, based on
the velocity indicating the panel. The examples of the velocity values obtained with this technique
have been then revised using the velocity spectra (semblance), in which a CMP gather is considered.
After carrying out the velocity analysis it is necessary to correct the reflection hyperbola, clarifying
the sense of the NMO correction. The simplest case is the horizontal reflector. In this case, if we
report on a Cartesian diagram x-t the times of arrival of the reflected wave for each receiver we will
obtain a hyperbola. The OM straight line is the graphic of the times of arrival of the direct wave,
whose path is S-R and is characterized by a velocity td = x/V.
In order to calculate the path travelled by the reflected wave to reach the geophone R it is necessary
to project the point I below the seismic reflector to a distance equal to the distance between the
source (S) and the seismic reflector (h) and then to join I and R. For a geometrical construction we
will have that the space travelled from the wave (SC+CR) is equal to the space obtained through our
construction. The hyperbola constructed through the times of arrival of the reflected wave is a
consequence of the fact that the times for farthest geophone are greater. The difference between the
times of arrival of the wave to two distant geophone is defined as moveout. ∆t. Then the move out
represents the delay accumulated from the wave front of reflection in reaching the farthest receivers.
In the particular case of a receiver located at the source we will calculate the following equation:
∆tNMO = tx – t0 (21)
where ∆tNMO is defined as the Normal Move Out (NMO), tx is the time of arrival of the wave at the
receiver in R, while t0 is the time recorded from the receiver to the source.
Re-writing the equation (21) as a function of the velocity and of the distance and expressing tx as a
function of t0 we will have:
∆tNMO =    
  +
  
  
) – t0
(22)
By examining the equation (22) we noted that the NMO increases with the offset x, representing the
source-receiver distance and is reversely proportional to the velocity. The curvature of the traveltime
curve of the reflected waves rapidly increases considering receivers farther and farther, but
decreases with the increase of the recording time. The NMO correction is applied before carrying
the sum (stack) of the traces in order to eliminate the curvature which prevents to correctly locate
the reflector. The correction is carried out by inserting a velocity value calculated from the velocity
analysis in the corresponding formula. If this value is right we will obtain that the traces will be
correctly aligned. For higher velocity values we will obtain a minor correction value and the traces
will show a residual curvature. On the other side, if the velocity value is too low we will have an
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over-correction of the times of arrival and then the traces will show an opposite curvature.
Speaking on the stacking is also important. The stacked section generally represents the final
product of the elaboration of the seismic data. It is composed of traces representing the in-phase
sum (stack) of the traces coming from the same CDP. The stacking allows for increasing the
signal-to-noise ratio (S/N) reducing the casual noise included in the data. During the stacking the
coherent signal will increase its amplitude, for constructive interference, of a factor equivalent to the
data coverage, while the casual noise will add to other noise, only increasing its amplitude.
The band-pass filtering needs also to be clarified. In many applications, such as the analysis of the
seismic signals and more in general, of the geophysical data, given a signal f (t) and assuming that t
is a continuous variable we are interested to its content in frequency. The continuous Fourier
transform is defined as:
f (ω) =   
  
ᐢ            dt (23)
The Fourier analysis is performed on the seismic traces in order to identify the frequency content
(Bracewell, 1965) of the seismic signal in several seismograms and eventually, to apply a band pass
filter, which allows to enhance the interesting frequencies. The filtering consists of the modification
of a time series through the application of another time filtered series, allowing for the enhancement
of the frequencies of interest. The filtering consists of the modification of a time series through the
application of another time-filter series, opportunely constructed. The application of a filter consists
of the convolution of the filter itself with the seismogram. A generic bandpass filter has an answer in
amplitude equal to the frequencies ranging between p and q. This interval is called band-passing.
These values of frequency are given in correspondence with the points in which the A amplitude is
of three decibel lower than the band pass.
The applied filter consists of inserting some frequency values individuating the vertexes of a trapeze
and a parameter which controls the slope of the sides of the trapeze. This last parameter, expressed
in decibel/octava is important to know how much are reduced the frequencies external to ties e
passing band, after the filter application. The choice of the filter has been done after analyzing the
content in frequencies of the data, in order to individuate the frequency interval in which the useful
signal was concentrated. The chosen filter resulted to be quite conservative (0-20-50-70 Hz),
allowing, in any case to eliminate the high-frequency noise occurring in the data.
The techniques of multiple removal have also been applied. The multiple reflections verify when the
seismic signal is reflected more times from the discontinuities located in the inner of the earth
before arriving to the sensors. Since the amplitude of the reflections is proportional to the reflection
coefficients of each seismic reflector, only the strongest contrasts of acoustic impedance generate
signals strong enough to be recognized as events. Short-path and long-path multiples may be
distinguished.
The reference event for this classification is the primary reflection. The effect of the short-path
multiple translates as a deformation of the primary wave, since the two reflections are one near to
each other and it can be individuated with difficulties without a direct analysis of the wave shape of
the source.
The long-path multiple can be individuated as a distinct event on the stacked sections. Several
techniques exist for the suppression of the multiples, whose knowledge is based on one of the
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following characteristics of the multiple reflections: 1) difference of moveout between primary and
multiple reflections (discriminant of velocity); 2) difference of inclination between the primary and
the multiple events in the CDP stacked sections; 3) difference of the frequency content between the
two types of signals; 4) periodicity of the multiples. In the study case the procedure of attenuation of
the multiples herein applied are the stacking and the predictive deconvolution. We have
discriminated the moveout between the primary and the multiple reflections through the stacking
and defining a correct function of velocity between the primary reflections. In this case the coherent
noise under-correct has been attenuated in the sum not in phase of the related events (Marr and
Zagst, 1967). The efficacy of the stacking improves with the increase of the coverage and of the
maximum offset, increasing the number of traces to be added in the CMP gather. The predictive
deconvolution has been carried out on the seismic data aimed at eliminating or further reducing the
multiple signal which has characterized the same seismic sections, also if the same operation has not
always produced significant improvements. In each case, the occurrence of multiples in the seismic
signal has been useful during the phase of geologic interpretation for a better definition of the main
seismic reflectors and a comparison of the stratigraphic relationships between the same reflectors.
The deconvolution was a main step in the elaboration of the seismic signal, allowing to recover the
high frequencies, to attenuate the multiples and to reconstruct the wave shape. This process is an
operation in the time domain, whose aim was the removal of the effects of the convolution on the
recorded data. The deconvolution simplifies the seismic wave of the source w (t) from the recorded
traces in order to reconstruct the function of the earth’s reflectivity e (t), through which the wave is
convoluted:
s (t) = e (t)* w (t) + n (t) (24)
and consequently, to increase the time resolution of the data. In practice, it consists of the
convolution of the seismogram with a reverse filter (Wiener filter). The principle of the
deconvolution is to remove the effects of a previous filter, the earth, which reduce the high
frequencies. The main difficulty in performing this operation consists of the construction of the
reverse filter, since the properties w (t) are unknown.
The deconvolution may be distinguished as: 1) spiking deconvolution, aimed at removing the effects
of the wave from the source of the seismogram, controlling a widening and a flattening of the
spectrum of the frequencies; 2) predictive deconvolution, aimed at predicting and eliminating the
reverberations which are included in the seismic signal, such as for instance the multiples.
The spiking deconvolution is theoretically defined starting from the convolution model, in which
the seismogram is expressed from:
s (t) = e (t)* w (t) (25)
in which s (t) is the recorded seismogram, w (t) is the seismic wave from the source and e (t) is the
impulsive answer of the earth. The earth’s reflectivity e (t) may be calculated applying the Wiener
filter f (t), which modifies the shape of the wave by compressing it and approaching it to the Dirac
Delta function:
e (t) = f (t)* s (t) (26)
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where the function of the Dirac Delta δ may be defined as an impulsive function which assumes the
infinite value for t = 0 in each other point:
δ (t) = {∞, t = 0
{0, t   0 (27)
After consequent calculations we calculate the filter f (t):
f (t) = δ (t) *
 
     
(28)
By resuming we have obtained, applying the filter to the seismogram, an impulsive function and the
corresponding equation (28) establishes that the filter is the reverse of the seismogram.
Regarding the predictive deconvolution, if we consider our seismogram x (t), the aim of this
deconvolution is to predict the value of the function x (t) at the time (t + α), being α the distance of
prediction. The bases of the predictive deconvolution are the same of the spiking decomvolution.
The main difference consists of the construction of the reverse filter and in particular, of the choice
of the parameters.
The parameters to know in order to construct the filter necessary to the deconvolution are: 1) the
window of application, which is the window of the datum on which the auto-correlation has been
applied; 2) the distance of prediction or gap, which is the part of the wave which we want to
preserve. It represents the delay before the multiple or the reverberation to be eliminated.
Both the types of deconvolution have been applied to the three processed profiles. Fig. 2 shows an
example of spiking deconvolution. In the upper seismic sections the seismic signal appears to be
more spike (compressed) and consequently, it is simpler to define the different reflectors during the
geologic interpretation.
Discussion
Techniques of seismic data processing in active volcanic areas and in particular, in the Gulf of
Naples have been previously applied. Their results may be compared with the obtained data (Bruno
et al., 2002; 2003; Zollo et al., 2003; 2008; Judenherc and Zollo, 2004; Bruno et al., 2018). Since
the Campania volcanism develops near the sea, the geophysical study of the marine environment
improves the comprehension of the tectonic evolution and of the origin of the volcanism in the
studied area. Multichannel seismic lines have been re-processed in order to understand the
development of volcanism in the area (Bruno et al., 2002). The re-processing of the seismic lines
was aimed at the reduction of the random noise occurring in the seismic data, at the removal of the
coherent events, at the reduction of the spatial aliasing, at the improvement of the seismic resolution
of the data and at the re-positioning of the seismic reflectors through dip-moveout and post-stack
time migration. The obtained results have shown that NE-SW trending structural strikes prevail in
the Gulf of Naples, while NW-SE trending structural strikes have been observed in the Gulf of
Pozzuoli (Bruno et al., 2003). A main NE-SW trending normal fault, namely the Magnaghi-Sebeto
line has crossed several volcanic banks. This fault separates the Naples bay into two main sectors,
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having different geological, geophysical and petrochemical characteristics. The structural setting has
evidenced that oblique extension occurs or alternatively, a transfer zone characterized by NW-SE
trending fault systems (Bruno et al., 2003).
Zollo et al. (2003) have performed a wide seismic survey on September 2001 in the Naples and
Pozzuoli bays in order to obtain three-dimensional images of the shallow structure of the Phlegrean
caldera. The tomographic inversion of 77.000 first P arrival times has been carried out using the
tomographic technique of Benz et al. (1996). This tomography has allowed to recognize the buried
margin of the Phlegrean caldera, ranging at depths between 800 and 2000 m. Based on the
calibration with deep borehole data the buried margin of the Phlegrean caldera is composed of lavas
and tuffs. The carbonate acoustic basement has also been recognized beneath the caldera, ranging to
depths of about 4 km (Zollo et al., 2003). Judenherc and Zollo (2004) have discussed the
geophysical data recorded during the Serapis experiment of active seismics, which has covered the
whole Naples Bay, focusing on the Gulf of Pozzuoli. 3D velocity structure has been computed,
including a small-scale high resolution tomographic model of the Phlegrean caldera. Velocity and
gravity interpretation has been calibrated with stratigraphic information coming from deep
geothermal wells in order to map the lithological units at depths. In the proposed model of the
Phlegrean caldera, based on tomographic inversion and mainly related with the carbonate acoustic
basement, located below the caldera, no magma chamber exist in the first 6 kilometers below the
Naples Bay. In the proposed model the tectonic lineaments have controlled the feeding system of
the caldera, especially NE-SW trending normal faults related to the extensional tectonics of
Southern Apennines. This model has been later contradicted in the paper of De Natale et al. (2016),
showing new data on the caldera structure based on a 501 deep hole located westwards of the
Naples town. New stratigraphic and 40Ar/39Ar geochronological data have allowed for the
determination of the age of the intra-calderic deposits. The obtained results have suggested a
reduction of the area affected by the caldera collapse, excluding the area covered by the Naples
town, a small volume of the volcanic deposits infilling the caldera and the needs of re-assessment of
the collapse amounts and mechanisms, which are related to larger eruptions. In particular, the
lithological, mineralogical and micropaleontological analyses of cuttings and cores coming from the
well have shown several volcanic sequences, described in detail in Mormone et al. (2015). The
upper sequence (up to a depth of 36 m) consists of subaerial pyroclastic deposits, representing the
Agnano-Monte Spina tephra (De Vita et al., 1999). The underlying sequence is composed of sponge
spicules and diatoms-bearing deposits, underlain, in turn, by obsidian and vescicular scoriae. The
remaining underlying sequence is represented by greenish tuffs overlying a gray tuff, located at the
bottom of the hole. At 439 m of depth gray-green tuffs exist, altered by clay minerals (Mormone et
al., 2015; De Natale et al., 2016). The 40Ar/39Ar geochronological data have evidenced ages ranging
between 47.5 ka and 16.9 ka, allowing to detail the collapse features and the volcanological
evolution. The scoria deposits occurring to a depth of 191 m have been related to the NYT outcrops
located at the Posillipo hill, one kilometer eastwards of the drill site and overlapping the Trentaremi
volcanic sequence (Scarpati et al., 2013). It is hypothesized that the base of the NYT within the
caldera is not more than 250 m deep, while at the Posillipo cliff is located at the sea level. The
textural and mineralogical features have suggested that the Campanian Ignimbrite deposits are
represented by the stratigraphic interval drilled between 265 and 450 m of depth. Moreover, the
information coming from age and microfossils has been merged with the local sea level curve
(Antonioli et al., 2004). This merged information has allowed for obtaining indirect evaluation of
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the rate of NYT and CI collapses, taking as a reference point the base of the NYT sequence
cropping out along the western side of the Posillipo hill. By subtracting the amount of the NYT
collapse from the sea level fall of 350 m, a collapse of 100 m related to the CI can be evaluated. The
sediments overlying the NYT are similar to the marine sequence cropping out at the La Starza
marine terrace (Gulf of Pozzuoli; Pescatore et al., 1984). The model of De Natale et al. (2016) has
been later updated by Torrente and Milia (2018), which have demonstrated that the stratigraphic
data of the deep borehole are consistent with a model of fault-controlled ignimbritic emissions and
are inconsistent with a caldera model. Firstly, the stratigraphic data of a single well are not enough
to establish that the caldera does not occur in the city of Naples. Accordingly to Bellucci et al. (2006)
the stratigraphic succession of the city of Naples is formed by Middle Pleistocene marine sediments,
pre-CI tuffs, CI tuffs and NYT deposits. Several points of discussion exclude the occurrence of a
caldera in the Naples city such as the thickness of the CI in the study area reaches moderate values
and the tuffs below the CI deposits occur to maximum depths of 200 m (Torrente and Milia, 2018).
Moreover, at the Naples hill (S. Martino-Vomero) the volcanic deposits of the Campanian
Ignimbrite overlie a previous volcanic relief instead of a caldera depression. The lacking of wide
caldera collapses has been confirmed by the depth of the Middle Pleistocene marine deposits (about
300 m) and by the occurrence of NE-SW trending normal faults in the Naples Bay.
The multivariate interpretation of geophysical experiments at the Solfatara volcano has
demonstrated the fruitful use of different methods for geophysical imaging, highly sensitive to
physical parameters of rocks and fluids (Bruno et al., 2018). Exploratory Data Analysis (EDA)
techniques have been used to interpret seismic and electric data recorded along two perpendicular
profiles located in the crater of the Solfatara volcano. The clustering methods have been applied to
two multivariate datasets, including the trace attributes, the P-wave velocity and the electrical
resistivity. The patterns and the structure of the Solfatara volcano have been evidenced not only
evident based on the visual analysis in the order to better understand the distribution of faults and
fractures (Bruno et al., 2018).
A map of the structural setting of the carbonate basement in the Gulf of Naples has been constructed
based on the interpreted data (Fig. 3). Onshore and offshore data of the Naples area have also been
considered. The structure of the carbonatic basement in the Gulf of Naples is characterized by a
NW-dipping monocline. Some local geological structures are superimposed to the monocline. The
first one is a palaeo-graben of the Mesozoic limestones, located in the north-eastern Naples Bay.
The carbonate monocline is downthrown by NE-SW trending normal faults, controlling the sinking
of the carbonate acoustic basement to the north of the Sorrento Peninsula.
Conclusion
The techniques and the methods of seismic data processing have been applied to the active volcanic
area of the Gulf of Naples based on the elaboration of multichannel seismic data. The Naples and
Pozzuoli bays host active volcanic areas during recent geological times. Being densely inhabited
and surrounding the Vesuvius volcano and the Phlegrean Fields volcanic complex, they have
prompted different seismic experiments, especially on the Vesuvius volcano (Zollo et al., 1998;
2002; Bertrand et al., 2000; De Franco et al., 2000; De Matteis et al., 2000; Scarpa et al., 2000;
Auger et al., 2001; Lomax et al., 2001). The processing of the seismic data, shown in this paper has
been carried out through specific software. The starting phase consisted of the quality control of the
seismic data and of the assignment of the field geometry. The editing of the seismic traces was
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finalized to survey the seismic traces and the spikes, which could induce problems with the Fast
Fourier Transform (FFT). The top muting has allowed for the elimination of the seismic signal
located above the first arrivals of the seismic traces. The Automatic Gain Control (AGC) has
improved the normalization of the seismic traces. Moreover, the data processing was aimed at
reducing the casual noise occurring in the seismic data and at improving the resolution of the
seismic wavelet with algorithms of deconvolution and spiking. The velocity analysis has been
carried out to remove the move-out on the CDP families, with the aim to define the velocity of the
different seismic reflectors and to produce the final seismic section. A post-stack deconvolution has
been applied to the data in order to remove the multiple arrivals. A bandpass filter has been applied
after the deconvolution to improve the involved signal in the seismic sections. The seismic
interpretation has been carried out accordingly to the seismo-stratigraphic criteria and taking into
account both the multiples and the seismic noise.
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Tables
Type of source n.2 GI Gun SI/Sodera – 210 cubic inch
Length of the seismogram 5 sec
Sampling interval 1 msec
Distance among the sources 25 m
Distance among the hydrophones 12.5 m
Table 1: Seismic acquisition parameters.
Processing Workflow
1. Geometry assignment Field data
2. Trace editing
3. Parameter selection
4a. Elevation Statics
4b. Refraction Statics Pick First Breaks
5. Brute Stack
6. Velocity analysis
7. Residual statics
8. Dip Moveout (DMO)
9. Post-stack Signal Enhancement
10. Post-stack Migration Velocity modeling
Table 2: General workflow of seismic data processing with Promax 2D.
Data Compression
Discrete Cosine Transform
dctcomp Compression by Discrete Cosine Transform
dctuncomp Discrete Cosine Transform Uncompression
Packing
supack1 Pack segy trace data into chars
suunpack1 Unpack segy trace data from chars to floats
supack2 Pack segy trace data into 2 byte shorts
suunpack2 Unpack segy trace data from shorts to floats
Wavelet Transforms
wpc1comp2 Compress a 2D seismic section trace-by-trace
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using Wavelet Packets
wpc1uncomp2 Uncompress a 2D seismic section, which
has been compressed using Wavelet Packets
wpccompress Compress a 2D section using Wavelet
Packets
wpcuncompress Uncompress a 2D section
wptcomp Compression by Wavelet Packet Compression
wptuncomp Uncompress WPT compressed data
wtcomp Compression by Wavelet Transform
wtuncomp Uncompression of WT compressed data
Table 3: General workflow of seismic data compression with Seismic Unix.
Editing, Sorting and Manipulation
Edit + Tools
suabshw Replace header key word by its absolute value
suazimuth Compute trace AZIMUTH given the sx,sy,gx,gy header fields and set a
user-specified header field to this value
subset Select a SUBSET of the samples from a 3-dimensional file
suchw Change Header Word using one or two header word fields
sucountkey Count the number of unique values for a given keyword
suedit Examine segy diskfiles and edit headers
sugethw Sugethw writes the values of the selected key words
sukill Zero out traces
sunan remove NaNs & Infs from the input stream
suquantile display some quantiles or ranks of a data set
surange get max and min values for non-zero header entries
sushw Set one or more Header Words using trace number, mod and integer divide to
compute the header word values or input the header word values from a file
sutab print non zero header values and data for non-graphic terminals
suwind window traces by key word
suxedit examine segy diskfiles and edit headers
Sort
susort sort on any segy header keywords
susorty make a small 2-D common shot off-end data set in which the data show geometry
values to help visualize data sorting
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Manipulate
fcat fast cat with 1 read per file
maxdiff find absolute maximum difference in two segy data sets
segyhdrmod replace the text header on a SEGY file
suaddnoise add noise to traces
sucmp CoMPare two seismic data sets, returns 0 to the shell if the same and 1 if different
sudiff,susum,suprod,suquo difference, sum, product, quotient of two SU data sets via
suop2
suflip flip a data set in various ways
suhtmath do unary arithmetic operation on segy traces with headers values
suinterp interpolate traces using automatic event picking
sumixgathers mix two gathers
sunull create null (all zeroes) traces
suop do unary arithmetic operation on segys
suop2 do a binary operation on two data sets
supermute permute or transpose a 3d datacube
suramp Linearly taper the start and/or end of traces to zero
surecip sum opposing offsets in prepared data
recip sum opposing (reciprocal) offsets in cdp sorted data
suresamp Resample in time
resamp Resample the 1st dimension of a 2-dimensional function f(x1,x2)
suswapbytes Swap the bytes in SU data to convert data from big endian to little endian
byte order, and vice versa
sutaper Taper the edge traces of a data panel to zero
sutxtaper Taper in (X,T) the edges of a data panel to zero
suvcat append one data set to another, with or without an overlapping region. Data in the
overlap may be determined by one of several methods
suzero zero-out data within a time window
swapbytes Swap the bytes of various data type
transp Transpose an n1 by n2 element matrix
Table 3: General workflow of editing, sorting and manipulation with Seismic Unix.
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Figures
Fig. 1: Flux of elaboration of seismic data.
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Fig. 2: Application of deconvolution to the seismic profiles of the Gulf of Naples.
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Fig. 3: Structural map of the carbonate basement in the Gulf of Naples.
